A long-term administration of propranolol in 5 patients with Prinzmetal's angina pectoris was highly successful. The 
several of the major determinants of myocardial oxygen consumption through a decrease of heart rate, velocity of contraction, and cardiac work (Wolfson et al., I966; Epstein et al., I965; Sonnenblick et al.,  I965; Robin et al., I967; Wolfson and Gorlin, I969) .
This provides a reasonable explanation of the favourable effects of propranolol in those anginal episodes in which catecholamine stimulation, namely during emotional stress or physical exercise, occurs.
The attacks of a variant form of angina, as described by Prinzmetal et al. (I959) , occur at rest and are not related to the common eliciting factors. A recent haemodynamic study carried out by our group (Guazzi et al., I971) showed that the typical electrocardiographic modifications of this form of angina are not preceded and, consequently, not triggered by any change in the major circulatory parameters, such as heart rate, arterial pressure, cardiac output, or duration of the left ventricular ejection time, all of which interfere with work or oxygen requirement of the heart. 8go Guazzi, Magrini, Fiorentini, and Polese It is difficult, therefore, to interpret these anginal attacks on the basis of classical pathophysiology. For these reasons, the evaluation of the effects of propranolol in this form of angina appeared worthy of investigation. We report our observations, both for the practical importance that they may assume, especially if confirmed by other workers, and for the theoretical interest of questions raised about the pathogenesis of this form of angina, the mechanism of action of propranolol in preventing anginal attacks, and the effects of this drug on cardiac function and systemic circulation of patients with Prinzmetal's angina. and right atrial pressure were continuously recorded. Left ventricular ejection time and isovolumic contraction time were also measured according to the method indicated by Weissler, Harris, and Schoenfeld (I968) . Cardiac output was determined at selected times. Systemic peripheral resistance and the mean rates of isovolumic pressure development and systolic ejection were calculated (for details, see Guazzi et al., I97I) . Left ventricular minute work was obtained as the product of mean arterial pressure and cardiac index; the tension time index per minute was calculated as the product of the mean systolic arterial pressure, the left ventricular ejection time, and the heart rate.
The patients were instructed, during the entire
Methods
Five patients, four men and a woman, were investigated. All of them had a history and an electrocardiographic pattern (Guazzi et al., I970) typical of the variant form of angina (Prinzmetal et al., 1959 During the electrocardiographic sessions, the four leads which presented the most evident changes were continuously recorded, according to the method previously described (Guazzi et al., I970) . During the episodes of angina ( (Braunwald, Sarnoff, and Stainsby, 1958) , and the mean rate of isovolumic pressure development (Gleason and Braunwald, I962; Jezek, I966), are those that closely depend on cardiac function. After betablockade these parameters showed the following changes in all patients. The isovolumic contraction time became shorter, and the mean rates of isovolumic pressure development and of systolic ejection were remarkably enhanced. The right atrial pressure and the circulation time (here expressed by the dye mean transit time), also related to cardiac function, remained unchanged or slightly decreased.
After propranolol administration left ventricular work increased in 3 subjects and was moderately reduced in 2; tension time index fell in 3 patients and was augmented in 2 (Fig. 2) .
Long-term follow-up The 5 patients (Cases I-5) were investigated after periods varying from 3 months to i year.
Case I Three months after returning home he developed pneumonia. He consulted his private doctor and was given penicillin. He died suddenly I0 minutes after the injection. Apparently he had never had penicillin before. Necropsy was not performed and the cause of death was not determined. In the three months after discharge from hospital he had continued to take propranolol at the same dose administered in the hospital (240 mg/day) and had remained completely free of symptoms.
Case 2 He was discharged on a daily dose of 480 mg propranolol. Because he did well in the following two months, a progressive reduction of the dose was tried. Anginal pains reappeared when the dose was 280 mg/day. Propranolol was then administered in doses of 80 mg four times daily and in the past If months the patient has been asymptomatic except for very rare (twice a month or less) and mild episodes of pain which never required nitroglycerin. Gradually, restrictions of his activities have been reduced. No side effect has been observed apart from moderate sleeplessness.
Case 3 During a one-year follow-up he has been taking I20 mg a day of propranolol. He is still suffering mild and short episodes of substemal pain at rest, 3 to 4 times a week. Because of permanent bradycardia, larger doses of beta-blocker could not be administered during this time. A temporary discontinuance of the drug induced a striking increase both in the frequency and severity of the anginal attacks. Three months after discharge from hospital he was able to return to his normal occupation. Except for bradycardia, no untoward effect has been noted.
Case 4 In this patient the initial dose of propranolol (i6o mg/day) was tapered and discontinued after five months. He has gradually increased his activities and has remained free of symptoms except for vague, mild, intermittent chest discomfort during the past I0 months. (TTI) in the patients in the control phase (C) and after treatment with propranolol (P). Case 5 In the four months during which she had been taking 200 mg a day of propranolol she was free of symptoms. Recently, because of diarrhoea, her private doctor discontinued the drug. Anginal pains reappeared so frequently and severely as to require the use of narcotics. The patient has been admitted again to hospital. The electrocardiogram recorded for many hours showed, during the anginal episodes, the same pattern described previously and shown in Fig. i The pattern of measured circulatory parameters which are more closely related to myocardial contractility (namely, isovolumic contraction time, and mean rates of isovolumic pressure development and systolic ejection) shows an obvious improvement of the latter after propranolol administration. In addition, in the patient whose anginal episodes were not completely abolished, cardiac function was improved. If it is true that in the two patients with recent myocardial infarction a better cardiac performance could merely be due to the natural process of healing of the lesion, in the other three subjects little doubt exists about the favourable influence of the drug. In the patients investigated, therefore, propranolol administration was not only effective in preventing the episodes of acute heart failure associated with the anginal attacks, but also obviously improved the basal cardiac function. The latter observation certainly contrasts with those of many authors (Hamer and Sowton, I965; Epstein et al., I965; Sonnenblick et al., I965; Murray et al., I966; Nakano and Kusakari, I966; Robin et al., I967; Parker, West, and Di Giorgi, I968; Wolfson and Gorlin, I969) . In this respect, it must be emphasized that the effects of propranolol on cardiac function were evaluated in our patients after long-term administration of the drug and also after the anginal attacks had completely or almost completely disappeared. If an improved blood supply to the heart were the true mechanism by which propranolol prevents the attacks of the variant form of angina, the finding of a better cardiac function could reasonably be explained.
FIG. 2 Left ventricular work (LVW) and tension time index
In this, as in other forms of angina pectoris (Amsterdam et al., I969) , the successful use of propranolol seems strictly related to adequate and individual dosage. In the absence of untoward effects, the dose of propranolol should be increased until the optimal effect on anginal pain is achieved. There is suggestive evidence that the wide variation in the effective dose of propranolol may be due to differences in enteric absorption (Grant et al., I966) .
Of considerable importance is the almost complete absence of side effects. Because of its efficacy and safety, propranolol therapy seems indicated in patients with Prinzmetal's angina pectoris.
